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Abstract
We calculate the SUSY-QCD corrections to the inclusive total cross sections of the associated
production processes pp→W±H∓ +X in the Minimal Supersymmetric Standard Model(MSSM)
at the CERN Large Hadron Collider(LHC). The SUSY-QCD corrections can increase and decrease
the total cross sections depending on the choice of the SUSY parameters. When µ < 0 the SUSY-
QCD corrections increase the leading-order (LO) total cross sections significantly for large tanβ
(∼ 40), which can exceed 10% and have the opposite sign with respect to the QCD and the SUSY-
EW corrections, and thus cancel with them to some extent. Moreover, we also investigate the
effects of the SUSY-QCD on the differential distribution of cross sections in transverse momentum
pT and rapidity Y of W-boson, and the invariant mass MW+H− .
PACS numbers: 12.38.Bx, 12.60.Jv, 14.70.Fm, 14.80.Cp
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A. Introduction
The Higgs mechanism[1] plays a key role for spontaneous breaking of the electroweak
symmetry both in the standard model(SM)and in the minimal supersymmetric extension of
the SM(MSSM)[2]. The SM contains one neutral CP-even Higgs boson, while the MSSM
accommodates five physical Higgs bosons: the neutral CP-even h0 and H0 bosons, the
neutral CP-odd A0 boson, and the charged H± boson pair. The charged Higgs bosons do not
belong to the spectrum of the SM, so the discovery of them would be an unambiguous sign
of new physics beyond the SM. Therefore, the search of charged Higgs bosons become one
of the prime tasks in future high-energy experiments, especially at the LHC[3]. At hadron
colliders, the charged Higgs bosons H± could appear as the decay product of primarily
produced top quarks if the mass of H± is smaller than the mt − mb. For heavier H±, the
main channels for single charged Higgs production may be those associated with heavy
quark, such as gb→ H−t[4] and qb→ q′bH−[5]. Although these processes give rather large
production rates, they suffer from also large QCD backgrounds, especially when the H±
mass is above the threshold of tb¯. And the channels for pair production are qq¯ annihilation
and the loop-induced gg fusion processes [6], which is also severely plagued by the QCD
backgrounds.
Another attractive mechanism of H± production in association with W∓ bosons at hadron
colliders has been proposed and analyzed in the Ref. [7], which found that the W∓H±
production would have a sizeable cross section and its signal should have a significant rate at
the LHC unlessmH± is very large. The dominant partonic subprocesses ofW
∓H± associated
production are bb¯ → W∓H± at the tree-level and gg → W∓H± at the one-loop level. In
these processes, the leptonic decays of W-boson would serve as a spectacular trigger for
the H± search. A careful signal-versus-background analysis has been done in Refs.[8]. The
detailed computation of the cross section of the gg fusion process can be found in the Ref. [9].
For the bb¯ annihilation process, the O(αewm2t(b)/m2W ) and O(αewm4t(b)/m4W ) SUSY-EW and
the O(αs) QCD corrections also have been calculated in Refs. [10] and [11], respectively.
However, the one-loop SUSY-QCD corrections have not been reported in literatures so far.
So in this paper, we present the calculations of the one-loop SUSY-QCD corrections to the
process.
This paper is organized as follows. In Section B, we present some analytic results for the
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cross sections of bb¯→W+H−. In Section C, we give the numerical predictions for inclusive
and differential cross sections at the LHC. The relevant SUSY Lagrangians and the lengthy
analytic expressions are summarized in the Appendices.
B. Analytical Results
We consider the associated production of W+H− from the collision of the two protons
with momentum P1 and P2 at the LHC. First, we define the Mandelstam variables of the
subprocess b(p1)b¯(p2)→W+(p4)H−(p3) as
s = (p1 + p2)
2 = (p3 + p4)
2,
t = (p1 − p3)2 = (p2 − p4)2, (1)
u = (p1 − p4)2 = (p2 − p3)2.
Here the Mandelstam invariants are related by s+ t + u = m2W +m
2
H .
We carry out the calculations in the t’Hooft-Feynman gauge and use dimensional reduc-
tion, which preserves supersymmetry, to regularize the UV divergences in the virtual loop
corrections. In order to remove the UV divergences, we renormalize the quark masses in the
Yukawa couplings and their wave functions by using the on-mass-shell scheme[12]. Denoting
mq0 and ψq0 as the bare quark mass and the bare wave function, respectively, the relevant
renormalization constants δmq, δZ
q
L and δZ
q
R are then defined as
mq0 = mq + δmq, (2)
ψq0 = (1 + δZ
q
L)
1
2ψqL + (1 + δZ
q
R)
1
2ψqR. (3)
After calculating the self-energy diagram in Fig. 1, we obtain the explicit expressions of all
the renormalization constants as follows:
δmq = −αs
3π
[
mq[B1(m
2
q, m
2
g˜, m
2
q˜1
) +B1(m
2
q , m
2
g˜, m
2
q˜2
)] +mg˜ sin 2θq˜[B0(m
2
q , m
2
g˜, m
2
q˜1
) (4)
−B0(m2q , m2g˜, m2q˜2)]
]
,
δZqL =
2αs
3π
[
cos2 θq˜B
1
1 + sin
2 θq˜B
2
1 +m
2
q[B˙
1
1 + B˙
2
1 +
mg˜
mq
sin 2θq˜(B˙
1
0 − B˙20)]
]
, (5)
δZqR =
2αs
3π
[
sin2 θq˜B
1
1 + cos
2 θq˜B
2
1 +m
2
q[B˙
1
1 + B˙
2
1 +
mg˜
mq
sin 2θq˜(B˙
1
0 − B˙20)]
]
, (6)
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where Bim = Bm(m
2
q , m
2
g˜, m
2
q˜i
), B˙im = B˙m(m
2
q, m
2
g˜, m
2
q˜i
) with q = b, t are the two-point inte-
grals [13], mq˜i are the squark masses, mg˜ is the gluino mass, and θq˜ is the mixing angle of
the squarks.
The Feynman diagrams for the subprocess bb¯ → H−W+, which include the SUSY-QCD
corrections to the process, are shown in Fig.1 and its renomalized amplitude can be written
as
M ren. =M0 +Mvir. + δM count.. (7)
Here M0 is the tree-level amplitude, which is given by summing over the s- and t-channel
amplitudes:
M0 = Ms0 +M t0, (8)
with
Ms0 =
2παmb
mw sin
2 θw
[
Sb(A4 + A3) + Pb(A4 −A3)
]
, (9)
M t0 =
2πα
mw sin
2 θw
1
t−m2t
[
m2t cot βA10 +mb tan β(A11 − 2A3)
]
, (10)
where Sb and Pb are defined by
Sb =
1
cos β
[
−sinα cos(α− β)
s−m2h0
+
cosα sin(α− β)
s−m2H0
]
, (11)
Pb =
1
cos β
sin β
s−m2A0
, (12)
Ai are reduced standard matrix elements, which are given by
A1 = v¯(p2)PRu(p1)p1 · ε(p4),
A2 = v¯(p2)PLu(p1)p1 · ε(p4),
A3 = v¯(p2)PRu(p1)p3 · ε(p4),
A4 = v¯(p2)PLu(p1)p3 · ε(p4), (13)
A5 = v¯(p2) 6 p3PRu(p1)p1 · ε(p4),
A6 = v¯(p2) 6 p3PLu(p1)p1 · ε(p4),
A7 = v¯(p2) 6 p3PRu(p1)p3 · ε(p4),
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A8 = v¯(p2) 6 p3PLu(p1)p3 · ε(p4),
A9 = v¯(p2) 6 ε(p4)PRu(p1),
A10 = v¯(p2) 6 ε(p4)PLu(p1),
A11 = v¯(p2) 6 p3 6 ε(p4)PRu(p1),
A12 = v¯(p2) 6 p3 6 ε(p4)PLu(p1),
and Mvir. contains the radiative corrections from the one-loop self-energy, vertex, and box
diagrams, of which corresponding amplitudes are shown in Appendix B. The counter-term
δM count. contains the contributions from the corresponding vertex and self-energy countert-
erms, which are given by
δMvs = Ms0(
δmb
mb
+
1
2
δZbR +
1
2
δZbL), (14)
δMvt1 =
2πα
mw sin
2 θw
1
t−m2t
[
m2t cot β(
δmt
mt
+
1
2
δZtR +
1
2
δZbL)A10
+mb tanβ(
δmb
mb
+
1
2
δZtL +
1
2
δZbR)(A11 − 2A3)
]
, (15)
δMvt2 = M t0(
1
2
δZbL +
1
2
δZtL), (16)
δMself =
2πα
mw sin
2 θw
1
t−m2t
[
m2t cotβ(
δmt
mt
+
1
2
δZtL +
1
2
δZtR)A10
+mb tanβ(δZ
t
L +
2m2t
t−m2t
δmt
mt
)(A11 − 2A3)
]
. (17)
The partonic cross section can be written as following:
σˆ =
∫ 1
−1
dz
1
32πs2
λ1/2|M ren.|2 =
∫ t+
t−
dt
1
16πs2
|M ren.|2, (18)
where λ ≡ (s +m2W −m2H−)2 − 4sm2W , t± = 12 [m2H− +m2W − s ± λ1/2], and |M ren.|2 is the
renormalized amplitude squared, which is given by
|M ren.|2 =
∑∣∣M0∣∣2 + 2Re∑M0[Mvir. + δM count.]†, (19)
where the colors and spins of the outgoing particles have been summed over, and the colors
and spins of incoming ones have been averaged over. We notice that the color average factors
of LO and NLO amplitudes squared are different: 1
3
× 1
3
Tr1 = 1
3
for LO amplitudes, and
1
3
× 1
3
Tr(TaTa) = 4
9
for NLO ones. The both spin average factors are the same 1
2
× 1
2
= 1
4
.
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The total cross section at the LHC is obtained by convoluting the partonic cross section
with the parton distribution functions (PDFs) Gb,b¯/p in the proton:
σ =
∫ 1
τ0
dx1
∫ 1
τ0/x1
dx2[Gb/p(x1, µf)Gb¯/p(x2, µf) + (x1 ↔ x2)]σˆ(τS), (20)
where µf is the factorization scale and S = (P1 + P2)
2, P1 and P2 are the four-momentum
of the incident hadrons, τ0 =
(mW+mH−)
2
S
, τ = x1x2, and x1 and x2 are the longitudinal
momentum fractions of initial partons in the hadrons.
In the following, we present the differential cross sections in the transverse momentum pT
and rapidity Y of the W-boson, and the invariant mass MW+H−, respectively. In the center-
of-mass frame of initial hadrons, P1 =
√
S/2(1, 0, 0, 1) and P2 =
√
S/2(1, 0, 0,−1), and the
four-momentum of W-boson is defined by p4 = (E,pT, pL). The transverse momentum pT
and the rapidity Y of W-boson, and the invariant mass MW+H− are defined by
p2T = (E − pL)(E + pL)−m2W =
(m2W − t)(m2W − u)
s
−m2W , (21)
Y =
1
2
log
(
E + pL
E − pL
)
, (22)
and
M2W+H− = (p3 + p4)
2 = (p1 + p2)
2 = s = x1x2S, (23)
respectively.
The three differential cross sections are thus given by
dσ
dpT
=
∫ 1
τ0
dx1
∫ 1
τ0/x1
dx2[Gb/p(x1, µf)Gb¯/p(x2, µf) + (x1 ↔ x2)]
dσˆ
dpT
, (24)
dσ
dY
=
∫ 1
τ0
dx1
∫ 1
τ0/x1
dx2[Gb/p(x1, µf)Gb¯/p(x2, µf) + (x1 ↔ x2)]
dσˆ
dY
, (25)
and
dσ
dMW+H−
=
∫ 1
τ0
dx1
x1
2MW+H−
τS
[Gb/p(x1, µf)Gb¯/p(x2, µf) + (x1 ↔ x2)]dσˆ, (26)
respectively,
with
dσˆ
dpT
=
1
32πs2
λ1/2|4spT
zλ
||M ren.|2, (27)
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and
dσˆ
dY
=
1
16πs2
|(s+m2W −m2H−)
2u
(u+ 1)2
||M ren.|2, (28)
where z = ±
√
1− 4sp2T
λ
and u = x1
x2
e−2Y .
C. Numerical Results and Conclusions
In this section, we present the numerical results for the SUSY-QCD corrections toW+H−
associated production at the LHC. In our numerical calculations, we used the following set
of the SM parameters[14]:
αew(mW ) = 1/128, mW = 80.419 GeV, mZ = 91.1882 GeV ,
mb = 4.25 GeV, mt = 178 GeV, αs(MZ) = 0.118. (29)
The running QCD coupling αs(Q) is evaluated at the two-loop order [15], and the
CTEQ6M PDFs [16] are used throughout this paper either at the LO or NLO. For sim-
plicity, we neglect the b-quark mass but keep it in the couplings. Moreover, in order to
improve the perturbative calculations, we took the running mass mb(Q) and mt(Q) evalu-
ated the NLO formula[17]:
mb(Q) = U6(Q,mt)U5(mt, mb)mb(mb) , (30)
mt(Q) = U6(Q,mt)mt(mt) , (31)
where the evolution factor Uf is
Uf (Q2, Q1) =
(
αs(Q2)
αs(Q1)
)d(f)[
1 +
αs(Q1)− αs(Q2)
4π
J (f)
]
,
d(f) =
12
33− 2f , J
(f) = −8982− 504f + 40f
2
3(33− 2f)2 , (32)
and f is the number of the active light quarks.
In addition, to also improve the perturbation calculations, we made the following SUSY
replacements in the tree-level couplings[17, 18]
mq(Q) → mq(Q)
1 + ∆mq
(q = b, t), (33)
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∆mb =
2αs
3π
Mg˜µ tanβI(mb˜1, mb˜2 ,Mg˜) , (34)
∆mt = −αs
3π
{B¯1(0, m2g˜, m2t˜1) + B¯1(0, m2g˜, m2t˜2)
− sin 2θt(mg˜
mt
)[B¯0(0, m
2
g˜, m
2
t˜1
)− B¯0(0, m2g˜, m2t˜1)]}, (35)
where
I(a, b, c) =
1
(a2 − b2)(b2 − c2)(a2 − c2)(a
2b2 log
a2
b2
+ b2c2 log
b2
c2
+ c2a2 log
c2
a2
) , (36)
B¯1 = B1 +∆/2, B¯0 = B0 −∆ (∆ = 1/ǫ− γ + ln 4π).
It is necessary to avoid double counting by subtracting these SUSY-QCD corrections from
the renormalization constant. As for the renormalization and factorization scales, we always
chose µr = µf = (mW +mH−)/2.
The values of the MSSM parameters taken in our numerical calculations were constrained
within the minimal supergravity scenario (mSUGRA)[19], in which there are only five free
input parameters at the grand unification where m1/2, m0, A0, tanβ and the sign of µ, where
m1/2, m0, A0 are, respectively, the universal gaugino mass, scalar mass, and the trilinear soft
breaking parameter in the superpotential. Given these parameters, all the MSSM parameters
at the weak scale are determined in the mSUGRA scenario by using the the program package
SUSPECT 2.3[20].
Figs. 2 and 3 show the total cross sections and the relative corrections as functions ofm1/2
(or mg˜) for µ < 0 and tanβ=4, 10, and 40, respectively. The total cross sections decrease
with the increasing of m1/2 as expected. For small tanβ, the relative SUSY-QCD corrections
are small and can be negligible. For large tanβ(∼ 40), the relative SUSY-QCD corrections
become large and increase when mg˜ increases. Indeed, in our numerical calculations, the
dependence of the total cross sections on mg˜ is got through varying m1/2. And when m1/2
increases, both mg˜ and mH± increase. The increase of mH± decreases the phase spaces of
the LO total cross sections, and the magnitudes of the SUSY-QCD corrections also become
smaller with the increasing of both mg˜ and mH±. But the decrease rate of the LO total
cross sections is larger than the one of the SUSY-QCD corrections, so the relative corrections
increase with the increasing of m1/2 as shown in Fig. 3.
In Figs. 4 and 5 we present the LO and the SUSY-QCD corrected total cross sections, and
the SUSY-QCD corrections as functions of mH− for µ < 0 and tanβ = 4, 10, 40, respectively.
Both the LO and the SUSY-QCD corrected cross sections decrease when mH− increases, and
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mH+ GeV tanβ=4 tanβ=10 tanβ=40
150 − − ∼ 10 %
300 ∼ 0.2% ∼ −0.2% ∼ 5%
500 ∼ 0.8% ∼ −0.7% ∼ 4%
TABLE I: The SUSY-QCD corrections for tanβ=4, 10, 40 and mH− = 150, 300, 500 GeV, respec-
tively, assuming A0 = 250 GeV, m1/2 = 180 GeV, µ < 0.
for large tan β, the corrections in general enhance the total cross sections for µ < 0. For large
tanβ(∼ 40) the total cross sections become significant and can reach several tens fb, and
even one hundred fb when mH− < 200GeV, while for small tanβ the total cross sections are
about serval fb and can be neglected. For tanβ = 40, in general, the corrections can exceed
4%, and even they can reach 10% when mH− ∼ 150GeV. For tanβ = 4, 10, the magnitude
of the corrections are always smaller than 2%. Note that for µ < 0 and tan β = 4, 10, the
mass of the charged Higgs can not be smaller than about 250 GeV, just as shown by the
curves in these figures.
Figs. 6 and 7 show the cross sections and the relative corrections as functions of tanβ,
assuming m0 = 160, 400 GeV, and the sign of µ = ±1, respectively. From these figures, we
find that the total cross sections for the case of µ > 0 are obviously smaller than those for
µ < 0, and that when tanβ becomes larger the SUSY-QCD corrections increase the total
cross sections for µ < 0, while decrease for µ > 0. For small tan β, the variations of these
curves are not monotonic because the contributions from the Yukawa coupling H−tb¯ contain
not only the terms proportional to tanβ but also the ones to cotβ.
Above results for representative values of mH− and tanβ can be summarized in table I.
In Figs.8-10, we display the differential cross sections as functions of the transverse mo-
mentum pT , the rapidity Y of the W-boson, and the invariant massMW+H− , which are given
by Eqs.24, 25, and 26, respectively. We find that the SUSY-QCD corrections increase the
LO differential cross sections for µ < 0, and decrease ones for µ > 0. The differential cross
sections can reach the maximum value at pT = 55GeV and 70 GeV, MW+H− = 310 and
370 GeV for µ < 0 and µ > 0, respectively. The differential cross sections in the rapidity of
W-boson is symmetric about the axis of Y=0 as expected.
Finally, we compare the SUSY-QCD corrections with the O(αewm2t(b)/m2W ) and
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O(αewm2t(b)/m2W ) and O(αewm4t(b)/m4W ) O(αs) QCD SUSY-QCD
tanβ
SUSY-EW corrections [10] corrections [11] corrections
4 ∼ −14% ∼ −32% ∼ 0
40 ∼ −1% ∼ −17% ∼ 8%
TABLE II: Comparison of the SUSY-QCD corrections with the QCD and SUSY-EW ones, for
tanβ = 4, 40, respectively, assuming mH− = 200GeV and µ < 0.
O(αewm4t(b)/m4W ) SUSY-EW and the O(αs) QCD corrections. We notice that the QCD
and the SUSY-EW corrections are large and dominate over the SUSY-QCD ones for small
tan β. When tan β becomes large the SUSY-QCD corrections increase. Although the mag-
nitudes of the SUSY-QCD corrections are still smaller than the ones of the O(αs) QCD
corrections, they can exceed 10%, which are larger than those of the SUSY-EW corrections.
Especially, for µ < 0, the sign of SUSY-QCD corrections is opposite to the ones of the other
two corrections, thus the SUSY-QCD corrections can cancel with the SUSY-EW and QCD
corrections to some extent. In order to compare these corrections clearly, we show the three
corrections to the process bb¯→ W−H+ in some typical parameter space in the table II.
In conclusion, we have calculated the SUSY-QCD corrections to the total cross sections for
the W+H− associated production in the MSSM at the LHC. The SUSY-QCD corrections
can increase and decrease the total cross sections depending on the choice of the SUSY
parameters. For µ < 0, the SUSY-QCD corrections can increase the total cross sections
significantly, especially for large tanβ, which have the opposite sign with respect to the
QCD and the SUSY-EW corrections, and cancel with them to some extent.
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Appendix A
In this Appendix, we will list the relevant pieces of SUSY Lagranian. The Yukawa
couplings of Higgs and quarks are given by
L(h0,H0,A0)b¯b =
gmb
2mw cos β
sinαh0b¯b− gmb
2mw cos β
cosαH0b¯b+ i
gmb
2mw
tan βA0b¯γ5b,
LH− t¯b = g√
2mw
H+t¯(mt cot βPL +mb tanβPR)b+ h.c.,
where PL,R = (1 ∓ γ5)/2 are the chiral projector operators, tanβ = vu/vd is the ratio of
vaccum expectation values of the two Higgs doublets.
The trilinear couplings of Higgs bosons and W-boson are given by
L(h0,H0,A0)H−W+ = ig
2
[
cos(α− β)h0←→∂µH− + sin(α− β)H0←→∂µH− + iA0←→∂µH−
]
W+µ + h.c.
The squarks couplings to gluino, W-boson and Higgs are given by
Lg˜qq˜ = −
√
2T a[q¯(Rq˜i1PR − Rq˜i2PL)g˜q˜i + ¯˜g(Rq˜i1PR − Rq˜i2PL)q q˜∗i ],
Lt˜∗b˜W = i
g√
2
(Rb˜i1R
t˜
j1W
+µt˜∗j
←→
∂ µb˜i + R
t˜
i1R
b˜
j1W
−µb˜∗j
←→
∂ µt˜i),
LHk b˜∗b˜ = gGkijHkb˜∗j b˜i (Hk = h0, H0, A0),
LHk t˜∗b˜ =
g√
2mw
GkijH
kt˜∗j b˜i + h.c. (H
k = H−),
where
Gkij = [R
b˜GˆkRb˜T ]ij,
Gˆh
0
=

 − mzcos θw (12 − 13 sin2 θw) sin(α + β) + m
2
b
2mw cos β
sinα mb
2mw cos β
(Ab sinα + µ cosα)
mb
2mw cos β
(Ab sinα+ µ cosα) −13 mzcos θw sin2 θw sin(α + β) +
m2
b
2mw cos β
sinα

 ,
GˆH
0
=

 mzcos θw (12 − 13 sin2 θw) cos(α+ β)− m
2
b
2mw cos β
sinα − mb
2mw cos β
(Ab cosα− µ sinα)
− mb
2mw cos β
(Ab cosα− µ sinα) 13 mzcos θw sin2 θw sin(α + β)−
m2
b
2mw cos β
sinα

 ,
GˆA
0
=
imb
2mw

 0 −(Ab tan β + µ)
(Ab tan β + µ) 0

 ,
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GˆH
−
=

m2b tan β +m2t cot β −m2w sin 2β mb(Ab tanβ + µ)
mt(At cot β + µ)
2mtmb
sin 2β

 ,
where Rq˜ is a 2×2 matrix shown as below, which is defined to transform the squark current
eigenstates to the mass eigenstates [21]:
 q˜1
q˜2

 = Rq˜

 q˜L
q˜R

 , Rq˜ =

 cos θq˜ sin θq˜
− sin θq˜ cos θq˜

 ,
with 0 ≤ θb˜ < π, by convention. Correspondingly, the mass eigenvalues mq˜1 and mq˜2 (with
mq˜1 ≤ mq˜2) are given by
m2q˜1 0
0 m2q˜2

 = Rq˜M2q˜ (Rq˜)†, M2q˜ =

 m2q˜L aqmq
aqmq m
2
q˜R

 ,
with
m2q˜L = M
2
Q˜
+m2q +m
2
Z cos 2β(I
q
3L − eq sin2 θW ),
m2q˜R = M
2
D˜
+m2q +m
2
Z cos 2βeq sin
2 θW ,
aq = Aq − µ tanβ.
Here, M2q˜ is the squark mass matrix. MQ˜,D˜ and Aq are soft SUSY breaking parameters and
µ is the higgsino mass parameter. Iq3L and eq are the third component of the weak isospin
and the electric charge of the quark q, respectively.
Appendix B
In this Appendix, we will list the explicit expressions of the vertex, box and self-energy
diagrams. For simplicity, we introduce the following abbreviations for the Passarino-Veltman
two-point integrals Bi, tree-point integrals Ci(j) and four-point integrals Dij , which are
defined similarly to Ref. [13] except that we take internal masses squared as arguments:
Bi = Bi(t,m
2
g˜, m
2
t˜i
),
Ca0 = C0(0, s, 0, m
2
g˜, m
2
b˜i
, m2
b˜j
),
Cbi = Ci(0, m
2
H−, t,m
2
g˜, m
2
b˜i
, m2t˜j ),
Cdi(j) = Ci(j)(0, m
2
w, t,m
2
g˜, m
2
b˜i
, m2t˜j ),
Dij = Dij(0, s,m
2
w, t, 0, m
2
H−, m
2
g˜, m
2
b˜i
, m2
b˜j
, m2t˜k).
12
The explicit expressions of the corresponding self-energy,vertex and box diagrams are given
by
Mvs = −2ααsmg˜
sin2 θw
[
Gh
0
ij cos(α− β)
s−m2h0
+
GH
0
ij sin(α− β)
s−m2H0
+
GA
0
ij
s−m2A0
][
Rb˜i2R
b˜
j1A3 + R
b˜
i1R
b˜
j2A4
]
Ca0 ,
Mvt1 = ααs
sin2 θwmw
GH
−
ij
t−m2t
[[
Rb˜i1R
t˜
j1tC
b
2 + R
b˜
i1R
t˜
j2mg˜mtC
b
0
]
A10
+
[
Rb˜i2R
t˜
j1mg˜C
b
0 + R
b˜
i2R
t˜
j2mtC
b
2
][
A11 − 2A3
]]
,
Mvt2 = 2ααs
sin2 θwmw
Rb˜i1R
t˜
j1
t−m2t
[
Rb˜i1R
t˜
j1
[
m2t cotβ[C
d
00A10 + C
d
12(A6 −A8)] +mb tan β[Cd00(A11 − 2A3)
+tCd12(A3 − A1)]
]
+ Rb˜i1R
t˜
j2mg˜mtC
d
1 [cot β(A6 −A8) +mb tan β(A3 − A1)]
−Rb˜i2Rt˜j1mg˜Cd1
[
m2t cot β(A2 − A4) +mb tan β(A7 − A5)
]
+Rb˜i2R
t˜
j2mt
[
cotβ[Cd00(A12 − 2A4) + tCd12(A4 − A2)]
+mb tan β[C
d
12(A5 − A7) + Cd00A9]
]]
,
Mbox = 2ααs
sin2 θwmw
Rb˜j1R
t˜
k1G
H−
ki
[
Rb˜i1R
b˜
j1
[
A10D00 −A6(D13 +D23 +D33) + A8(D23 +D33
]
)
+Rb˜i2R
b˜
j2
[
A9D00 −A5(D13 +D23 +D33) + A7(D23 +D33)
]]
,
Mself = ααs
sin2 θw
1
(t−m2t )2
[
mt cot β
[
mg˜(m
2
H− +m
2
t )R
t˜
i1R
t˜
i2B0 +m
2
H−mtB1
]
A10
+mb tan β
[
m2H−(R
t˜
i1)
2 + 2mg˜mtR
t˜
i1R
t˜
i2B0 +m
2
t (R
t˜
i2)
2B1
]
[A11 − 2A3]
]
,
where we omit the common color factor TaTa.
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FIG. 1: Feynmann diagrams for the subprocess bb¯ → W+H−. Born diagrams:
M s0 ,M t0; Virtual correction diagrams: Mvs,Mvt1,Mvt2,M box,M self ; Counter-term diagrams:
δMvs, δMvt1, δMvt2 , δM self .
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FIG. 2: Total cross sections for theW+H− production at the LHC as functions of mgluino or m1/2
for tan β = 4 , 10 and 40, respectively, assuming: m0 = 200 GeV, A0 = 250 GeV, and µ < 0.
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FIG. 3: The SUSY-QCD relative corrections to the cross sections for the W+H− production
at the LHC as functions of mgluino or m1/2 for tanβ = 4 , 10 and 40, respectively, assuming:
m0 = 200 GeV, A0 = 250 GeV, and µ < 0.
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FIG. 4: Total cross sections for the W+H− production at the LHC as functions of mH+ for
tanβ = 4 , 10 and 40, respectively, assuming: m1/2 = 180 GeV, A0 = 250 GeV., and µ < 0.
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FIG. 5: The SUSY-QCD relative corrections to the cross sections for the W+H− production at
the LHC as functions of mH+ for tanβ = 4 , 10 and 40, respectively, assuming: m1/2 = 180 GeV,
A0 = 250 GeV., and µ < 0.
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FIG. 6: Total cross sections for the W+H− production at the LHC as a function of tanβ for
m0 = 160 GeV and 400 GeV, respectively, assuming: A0 = 300 GeV, m1/2 = 160 GeV.
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FIG. 7: The SUSY-QCD relative corrections to the cross sections for the W+H− production at
the LHC as a function of tanβ for m0 = 160 GeV and 400 GeV, respectively, assuming: A0 = 300
GeV, m1/2 = 160 GeV.
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FIG. 8: Differential cross sections in the transverse momentum pT of the W-boson for the W
+H−
production at the LHC, assuming: m0 = 200 GeV, m1/2 = 180 GeV, A0 = 250 GeV, and tan β =
40.
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FIG. 9: Differential cross sections in the rapidity Y of the W-boson for the W+H− production at
the LHC, assuming: m0 = 200 GeV, m1/2 = 180 GeV, A0 = 250 GeV, and tan β = 40.
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FIG. 10: Differential cross sections in the invariant mass for the W+H− production at the LHC,
assuming: m0 = 200 GeV, m1/2 = 160 GeV, A0 = 250 GeV, and tan β = 40.
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